Development of a microfluidic platform with integrated power splitting waveguides for optogenetic neural cell stimulation.
We present a microfluidic platform with integrated power splitting waveguides for optogenetic neural cell stimulation. A liquid-core/PDMS-cladding waveguide with a power splitter design was integrated with a neural cell culture chamber to provide a simple way of precise localized optical stimulation. The parallel on-chip excitation of individual neural cells using a single optical fiber input is demonstrated for optogenetic neural cell studies, and the excitation of each individual waveguide can be independently controlled by pneumatic valves. Light delivery and loss mechanisms through the waveguides were studied and characterized. The waveguide power splitter platform is capable of providing sufficient irradiance to evoke spikes in ChR2-expressing neural cells. The system enables high-resolution stimulation of neural cells in a controllable manner. The microfluidic platform described here represents a novel methodology for studying optogenetics in a compact integrated system with high spatial resolutions.